INDUCFD DOMINANT LETHALITY IN In 1927, H. J. Muller' noticed a mnarked decrease in the fertility of female Drosophila melanogaster mated to irradiated males, and attributed this decrease to dominant lethals induced by the x-ray teatment.
As pointed out by Stancati,2 in 1932, the primary choice under such circumstances is between the induction of dominant lethals and the inactivation of sperm. Either effect of x-rays would give the observed decrease in fertility. Although Muller and Settles3 had proved in 1927 that sperm could function normally even thQugh carrying chromosome sets which would be lethal in combination with the normal chromosome complement, Stancati's work with Habrobracon was the first to demonstrate conclusively that dominant lethality was the result, not the lack, of fertilization by irradiated sperm. After treatment, the frequency of the biparental females (arising from fertilized eggs) decreased while the frequency of the matroclinous, uniparental males (arising from unfertilized eggs) was neither diminished nor increased. The missing biparental females were those which would have appeared if dominant lethals had not been induced in the sperm.
Later Demerec and Kaufmann4 examined cytologically Drosophila eggs presumably fertilized by sperm treated with 5000 r. Failure of fertilization was apparent in only one case out of the 99 studied. Therefore the high degree of sterility at this dose was assignable to dominant lethality rather than sperm inactivation. On the other!hand, any studies of dominant lethality at yet higher doses would again require that the sperm be shown to act in fertilizing.
Work with Ha14robracon also gave infonnation on the dosage necessary to achieve sperm inactivation. At the relatively low doses generally used, the VOL. 39, 1953 frequency of biparental females decreases with increasing dosage while the frequency of uniparental males remains constant and equal to that of the controls. If sperm were inactivated, however, the frequency of unfertilized eggs would obviously increase, resulting in an increase of matroclinous males. Using this reasoning, Jane Maxwell5 concluded that the increase in matroclinous males at the relatively high dose of 142,000 r was due, therefore, to partial inactivation of Habrobracon sperm at this dose.
In plants, more than very slight departures from the normal chromosome complement, particularly deficiencies, will markedly affect the formation and function of the pollen grain. In addition, much literature exists on the competitive relationships between types of pollen differing only slightly in genetic constitution. Such cases range from those of strictly determined self-sterilities to very slight departures from Mendelian expectancy in certain examples of selective fertilization.
In view of these considerations, failure of seed set following treatment of pollen *ith mutagenic agents cannot be assumed, a priori, to be due to the induction of dominant lethals. In Zea Mays, induction of a dominant lethal can be assumed when either the endosperm or the embryo alone is seriously deranged or absent; the existence of some seed tissue is assurance that fertilization has occurred.6' 7 The idea that pollen inactivation soon leads to much of the observed sterility is implied by the remarks of Stadler and Uber8 on the results of ultra-violet treatments, "The number of pollen grains applied is considerably in excess of the number of silks pollinated, but with increasing dosage the number of polleti grains capable of accomplishing fertilization declines until with the largest practical doses only a few seeds are produced on each ear."
The results to be previewed here demonstrate that such assumptions, although perhaps true for the ultra-violet treatments, cannot be made for a specific mutagen without further test. Pollinations with lily pollen treated with 2000 to 4000 r-units of x-rays result in little, or usually no seed set. It may easily be demonstrated in lily, however, that the failure of the ovules to develop is due to the induction of dominant lethals rather than failure of the irradiated grains to achieve fertilization. The method to be described was developed as a means of exploring two problems of interest in this laboratory: (1) (Fig. 1   (a) ). In some instances, the ovules at the bottom or top of each row may not develop ( Fig. 1 (b) ). If pollinated, however, with a limited amount of pollen, the seed is not scattered along the row at random but is concentrated in a "favored zone" which centers about one-third of the way, as determined by serial counts of ovules, from the top to bottom of the capsule (Fig. 1 (c) This question was answered by pollinating first with a limited, counted number of treated pollen grains and repollinating massively with normal grains after an interval of 48 hours (the x-ray-repeat-nornal pollinations). Capsules from sueh repeat pollinations had aborted ovules in the favored* zone and these were surrounded, top and bottom, by normal seeds (Fig.  1 (d) ). This experiment thus demonstrated that fertilizations occurred and that dominant lethals had, therefore, been induced. On comparing the number of pollen grains applied with the number of aborted ovules later appearing in the favored zone, it was possible to determine that the treated grains functioned to give fertilizations at ahnost the same percentages, 90-95%, as grains handled similarly but not irradiated.
A control of the repeat pollination experiment was made by pollinatimg first with a limited number of normal grains followed 48 hours later by a massive pollination of normal pollen. The full sets of seed obtained in this experiment indicated that the stigma was not rendered unreceptive by the primary pollination, nor was seed set otherwise detectably influenced.
In a further control, flowers of greater age than those used in the repeat pollination experiment proved to have receptive stigmas and healthy ovules. Their petals had fallen and many of the stigmas had turned brown; nonetheless, full sets of seed were obtained in the upper one-half to two-thirds of the capsules, always including the favored zone. This experiment indicated that the presence of undeveloped ovules in the favored zone in the x-ray-repeat-normal pollinations was not attributable to their spoilage from aging during the 48-hour time lIfpse.
Sections of ovaries fixed several days after massive pollinations with x-ray treated pollen indicated presence of pollen tubes in all micropyles and two sperm nuclei in the sac. Fixations after longer intervals from pollination have shown the types of necrotic effects present, usually following several cell divisions.
The presence of some germiess seeds after various doses of x-rays is evidence that the endosperm of lily is capable of developing alone in some instances. The fact that it can sometimes be seen to undergo necrotic changes before the zygote begins to divide is evidence that the genetic changes present in the haplkid sperm can be immediately dominant over the four normal complements provided maternally. The question as to possible later interactions between damaged embryo and damaged endosperm cannot now be answered. By applying untreated pollen on half the stigma and immediately thereafter applying treated pollen to the other half, the treated grains can be put in direct cotnpetition, as to functional capacity, with the normal grains.
Following such half-and-half pollinations, the normal seeds and aborted ovules alternate at random within the rows (Fig. 1 (e) ). There is a decided tendency for one locule to have a preponderance of normal seeds, another to have a preponderance of aborted ovules, while the third has a more nearly equal mixture of the two types. The application of small amounts of pollen, either normal or treated, to restricted sections of the stigma will also give rise to unequal distributions among the three locules, but never as markedly unequal as those noted in these half-and-half pollinations. The results of the half-and-half experiment indicate that the treated grain is not functionally handicapped in competition with the normal. There is certainly no tendency for the normal seeds to be concentrated in the favored zone.
In one experiment, several massive pollinations after 4000 r-treatments gave some seed set; in one case, the unexpectedly high frequency of 13% was noted. Because of the very low seed set following doses of 1500 and 2000 r, the latter sometimes giving no normal seeds, and the usual complete lack of seeds after the standard treatment of 4000 r, either contamination or pseudogamy seemed required for an explanation. The flowers in the greenhouse were all emasculated routinely; contamination seemed unlikely. Pseudogamy has been reported to occur in Lilium following species crosses;'1 the number of seeds developed was, however, variable, and seemed dependent upon environment. Pseudogamy therefore appeared to be the more likely explanation for the exceptional seed sets. It is unlikely, however, that pseudogamy is a factor affecting appreciably the results obtained following the x-ray-repeat-normal pollinations. The frequency of seeds in those cases which might be attribuited to pseudogamy have been too low, on the average, to be of significance in the repeat pollinations.
The problem of pseudogamous development was explored further in semi-male-sterile types appearing in one of the inbred lines being maintained in this laboratory. The semi-male-sterile condition is different from the semi-sterilities caused by chromosomal aberrations such as translocations and inversions; usually the anthers produce no good pollen, but sometimes one region of an anther will yield some good pollen, and some seeds can be obtained on self-pollinating. The unusual vigor apparent in this culture in seedling stages in the P2 generation of inbreeding was considered to be a possible indication of psendogamous development.
Plants of the semi-male-sterile type will set no seed unless pollinated, and will set full capsules if pollinated routinely with normal, untreated pollen. After pollinations with irradiated pollen, the capsules will regularly contain small percentages of normal seeds, these percentages being about the same as those appearing in the few exceptional cases following pollinations of non-male-sterile plants with treated pollen. It would thus seem likely that the occasional low teed set after the 4000 r-pollinations of the non-male-steriles is due to occasional pseudogamy rather than to contamination or to lack of complete dominant lethality in the embryo.
On the other hand, the low frequency of good seed after treated pollinations of the semi-male-sterile types may be indicative of an embryo-endosperm interaction; thus a relatively undamaged endosperm may be necessary for the development of an adventitious embryo. Embryological examinations following x-ray pollinations of the semi-male-sterile types is also expected to give further information on pseudogamy.
Summary.-After relatively low doses of x-rays (2000 to 4000 r) applied to the pollen of Lilium formosanum, few or no seeds are set. Failure of the ovules to develop is due to the presence of dominant lethals in the gametes contributed by the treated pollen. In competition with untreated pollen, the treated grains are not handicapped in their ability .to produce pollen tubes and achieve fertilizations.
Occasionally a few seeds are set at doses which otherwise consistently give complete dominant lethality. These seeds are probably the product of pseudogamous development. The problem of pseudogamy is being explored further in semi-male-sterile types which usually yield a few seeds at doses expected to be completely lethal.
